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- Beit known that I, WiLrLiam H. BRiSTOL,
8 citizen of the United States, and a resident
of New York, in the county of New York and

~ UNITED STATES PATENT OFFICE:

WILLIAM H. BRISTOL, OF NEW YORK, N. Y.
THERMO-ELECTRIGC GENERATOR.

No.,'839,9815. :

Sp'eciﬁéa_.tidn of Letfeps Pé.te’ﬂt_._ |

To all whom it may concern: -

State of New York, have invented certain
new and useful Improvements in Thermo-
Electric Generators, of which the following is

- a specification. =
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- comprising

My invention relates to. thermo-electric
generators, and particularly to thermo-elec-
tric generators as applied to the measure.
ment of temperature, as in thermo-electric
pyrometers; and it has
vide a thermo - electric - .
though composed of several couples of differ-
Ing e%ements and 1in series still acts as a single
couple. | S

For this purpose my invention ‘consists,

generator which

essentially, of a thermo-electric generator |

Ising a primary couple or series of pri-
mary couples and one or more su

ing the hot end or ends located in close prox-
1mity to-the cold end of said prima
or series of primary couples, where y both
the cold end of the rumary

same. temperature, and a;ny _
temperature at these, points are caused to

- produce equivalent and opposite effects in the
- Tespective couples; and 'the ‘eleetromotive
- force produced by the generator ss a whole is
at all times dependent, only upon the differ-.

ence of temperature between the hot end or
ends of the primary couple or couples and the
cold énd. of the supplementary couple or

.

- couples, temperature variations at inter-
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are plan views showing

erator as a whole.

mediate points having no efiect on the gen-

panying drawings, in which-—
Figure 1 is a
tric generator.
Ing a number of primary couples in series
and one supplementary couple. Figs. 3 to 9
' nowing modifications.
Similar characters of reference designate

plan view of my thermo-elec-

corresponding parts throughout the seversa] |

vViews. | | S

Referring now to the drawings, my im-
proved generator in the form shown in Fig.
1 comprises a thermo-electric couple 10, the

juncture of whose elements is designated by
the numeral 11 a ich i

for its object to pro-

pplementary.
couples arranged in series therewith and hav- |

couple |

~each. other that

| ture

Fig. 2 is-a similar view show- | 12 upon the difference of

tween 1ts hot end 13 and its

1 the said -cOuble, a,I_id a 'suppl-eménta,ry couple
12 ‘with the. juncture and |
extremely high temperatures I make the ele-

hot end 13..

ments of the primary couple of metals or

| alloys capable of withstanding such tom- .
peratures—for example, platinum as one ele-

ment and an alloy of platinum with ten per
cent. thodium as the other element. Such
metals being very expensive, I make this

primary couple just long enough to have its

outer or cold end 14 away from the extreme .
heat and complete the generator by means of
the supplementary couple 12, connected in
series with said
of the conductors

primary couple 10 by means
_ 15" and 16 of metals or
alloys capable of v _
treme -temperatures. This supplementar
couple not. being exposed to extremely hig

temperatures may be.made of elements of
cheaper metals having lower fusing-points—
different percent-
alloys, iron, &c.—and -
which metals, because of their cheapness, may
80

such as German silver with
ages of nickel, nickel

be made of large cross-section, producing a

_ -couple of low resistance.
couple or cou- |

~The primary couple and the Supp'lémen—

withstanding the semi-ex-

' 'Patented Jan. 1, 1907.
- Application filed December 28,1906, Serial No, 293,251. | | N '
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tary couple are so arranged with respect to

13 of the couple 12 in close proxim-
ity to the cold end 14 of the couple 10 temper-

opposite thermo-electric effects in the cou ple

1at -their respective electromo-
{ tive forces add,-and by further arranging the
| hot end

ature variations upon the cold end 14 of the .
sald couple 10 are made to produce equivalent
90

12. A balance is. thus maintained, and the

thermo-electrie

_ e as though these points 13
and 14 did not exist,

exposed only to the temperatures at its hot-
| | L . - i tend 11 and cold end

The nature of my invention will be best

understood. in connection with the accom-

17. - For
electromotive force of the prirhary -couple 10

example, the’

effect of the generator as a
“whole is the same as C _
but the generator were

95

18 dependent upon the difference of tempera~ . .

etween its hot end 11 and its-cold end
14 and the electromotive force of the couple
temperature

cold end 17. Asg

the cold end 14 of the couple 10 is at the same

| temperature as the hot end 13 of the couple

12, any variations  of temperature at this

tween the ends of either couple

100

105

pont will not affect the genérator as a whole B
so'long as unit differences of temperature be-
produce

equivalent opposite thermo-electric effects

m each couple. - It __
ever, to select the proper elements to per-
fectly accomplish thisresult. 1 prefer, there-

It is often difficult, ‘how-

1I0 .



o |

fore, to approximate this condition, using a |

supplementary couple which produces a some-
what Higher electromotive force for unit dif-

ferences of temperature than the primary

secure the balance by in-

couple, and then %
couple &

serting across the. supplementary

shunt 18 of suitable resistance, as shown in

4. For example, assume a tem-

eit, and at the

Fahrenheit. A deflection of two hundred

divisions will be produced by the couple 10,

due to the difference of 200° Fahrenheit be-
tween its ends, and a deflection of eight
hundred djvisions by the couple 12, due to

the difference of 800° Fahrenheit. = A total

deflection of one thousand divisions is thus
produced upon the indicating instrumeant,
since the two couples are in series. Now let
it be assumed that the temperature at the
ends 13 and 14 drops to 700° Fahrenheit. A
deflection of three hundred divisions would

be produced by the couple 10, owing to the.
increased

' difference of temperature, and a
deflection of seven hundred divisions by the
couple 12, owing to the decreased difference

of temperature, the total deflection, however,

still being one thousand divisions, as before,
and Temains constant irrespective of the

change which has occurred at the dpoi:nts* 13
. and 14. Now let the initial con
again assumed, but the difference of 800°

itions be

between the ends 13 and 17 of the couple 12

)0

5

“to again drop to 700°.
‘then produce a
divisions, as

ference of temperature of 1000°.
‘thus be seen that the two indications do not
“correspond, notwithstanding the fact that no

produce a deflection of sixteen hundred divi-
sions instead of eight hundred, making a total
deflection of eighteen hundred divisions. As-
sume the temperature at the ends 13 and 14
The couple 10 will
deflection of three hundred
before, but the couple 12 will
produce a deflection of fourteen ‘Thundred
divisions, making a total deflection of seven-
teen bundred divisions, due to the sa,Iiae diiﬁ
t wi

change of temperature has occurred at either
the hot end 11 or the cold -end 17 of the
thermo-electric generator. 'This error is due

couple do mot produce equivalent thermo-
electric effects in the two couples, and there-
fore temperature variations at the ends 13
and 14 will affect the generator as a whole.
To overcome this difficulty, I employ the
aforesaid shunt, which short-circuits & part of
thermo-electric' effect of the couple 12, cut-
ting it down to make unit-differences of tem-
perature between its ends produce thermo-
electric effects equivalent to those produced

by unit differences of temperature between

the ends of the couple 10. The total effect of

the generator is therefore independent of
changes of temperature at points intermedi-

to the fact that unit differences of tempera- | I

ture between the hot and cold ends of each |

|

i

disclosed in my copending ap
combined results of these seconda

made to oppose the total effect of the genera-

temperature.

would be no

839,985

ate of its hot end 11 and its cold end 17 and
depends only upon variations of tempera-

ture at either of these points. The location
of the shunt 18 with respect to the couple 12

70

is immaterial, and' I may place it across the
terminals 19 and 20 of said couple at inter-
mediate points or at the hot end 13, as shown

in Fig. 3. In this latter position the shunt .

serves an additional purpose—viz., to over-

come the effects due to temperature varia-

primary couple

and 16. As these conductors 15 and 16 are

{he elements of the couple 10, their junctions

75
{ions at the junctions of the elements of the
10 with the conductors 15 -

of necessity of metals or alloys different from

30

with said elements will form secondary cou- -

ples producing thermo-electric effects which.
inust be made tc neutralize each other, as

atent, No. 764,177, of
e compensated for, as
plication, Serial

disclosed in my prior
July 5, 1904, or must

No. 290,017, filed December 2, 1905. The

effects 1s

tor comprising the primary and supplemen-
tary couples and to increase with Increase of
| “If, therefore, the resistance-
shunt 18 has a positive resistance coetlicient,

QO

it will likewise Increase with increase of tem-

perature,
the couple 12, and thereby compensating for
{he said secondary effects, as more fully set
forth in the aforesaid copending application.

Instead of making the resistance in one
piece, as shown in Fig. 3, I may subdivide 1t,
as shown in Fig. 4, the portion 18 serving to
correct for the overeffect of the couple 12 and
is connected across the terminals 19 and 20
of said couple. The other portion 21 1s like-
wise connected across the terminals 19 and

20 but its active portion 21is placed in close

proximity to the cold end 14 and serves to
compensate for the secondary effects at the
junctions %Eiveen the elements of the couple
10 and the conductors 15 and 16.
~ Where I have occasion to make the pri-
mary couple of elements which give a greater
elecfromotive force than the supplementary
couple would if comprising but one couple,
place several of these supplementary cou-
ples 12 in serles, as illustrated in Fig. 5,.s0
as to obtain thermo-electric efiects equal to
or greater than (Fer unit difference of tem-
%erature) ‘that of said primary couple 10.
or example, should the primary couple be

comﬁoséd of the elements antimony and bis-

muth they would give a much greater thermo-
electric effect per unit difference of tempera-
ture than a supplomentary couple composed
of iron and nickel-alloy elements. I would
therefore be obliged to place several of these
supplementary couples in series to obtain an
equal or greater thermo-electric effect. There
* _ object in having the supple-
mentary couple to give a less eftect than the

short-circuiting less of the effect of
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primary couple and
of the latter to correspond, as it is oné ‘of the

objects of the present invention to obtain

the desirable and maximum effective prop-
erties of the primary cou%)le while retaining
but a minimum length o such couple. - As

rial or materials which are not practicable to
make of the length required and of the de-
sired cross-section for g complete thermo-
electric generator and as these materials are
also usually of high resistance, it isimportant
to make them as short as possible and com-
plete the
pensive

and more substantial materials,

which because of their Inexpensiveness may

be made of considerable: cross-section to re-
duce the resistance. o B
Another advantage of

enabled to use the

points along said generator—that is, if I take
a conductor 22 from the terminal 19 in addi-
tion to the two leads 23 and 24, Fig. 6, I may
by proper switching arrangement throw
either the couple 12 or the couples 10 and 12
on one and the same indicating instrument,
and thereby successively obtain the tempera-

ture at the hot end 11 or the hot end 13. T

may of course also place more than two cou-
ples in series and do not wish to restrict my-

- self to any number of couples so arranged, as

3

my invention consist; sessentially, in so ar-’

ranging these couples with respect to each

other that their electromotive forces may be |

added and produce the
single couple.
What I claim as
by Letters Patent
- 1. Athermo-electric generator Comp'risin%
& primary couple and a supplementary couple
separate and distinet from .said primary
couple and in series therewith, the hot end of

same effect as one

new, and desire to secure

~one couple being located in close proximity to

the cold end of the other.

2. A thermo-electric generator comprising :

8 primary couple.having elements

of hig

arate and distinct from said primary couple
having elements of lower fusing-points than
sald primary couple, said supplementary
couple being in series therewith and having
1ts hot end located in close proximity to the
cold end of said primary couple.

3. A thermo;elp '

& primary couple of platinum and platinum

with ten per cent. thodium, as elements ;- and

a supplementary ] :
tinct from sald primary couple and in series

therewith having elements of iron and nickel

alloy, and having its
proximity
couple. . .

4. A. thermo-electric generator comprising :

_ hot end located in close
to the cold end of said primary

are of expensive mate-

‘and ‘distinet from said

generator by means of the léss ex- |

the arrangement of
the couple as herein disclosed is that T am |
same generator for the |
measurement of the temperature at different |

& primary couple;

| @ primary couple having elements of
fusing-points; a supplementary couﬁle hav-
of the United States, is— | i

fusing-points; a supplementary couple se'ﬁ)—

ectric generator comprising:

tary couple separate and dis-

| mentary coup

then cut down the. effect | g seljies of primar}z__*éoﬁplés ; asupplementary
~couple in

_ series therewith, separate and dis-
tinet from said series of primary couples and

having its hot end located in close proximity

to the cold
couples. — | -
5. A thermo-electric generator comprising':
& primary couple; and amb ' ,
mentary- couples in series therewith, said se-
ries of supplementary couples being separate
primary couple and
having its hot end located in close proximity
to the cold ends of said primary couple. '
6. A thermo-electric generator comprising:
a primary couple and g supplementary cou-
ple separate and distinet from sald. primary

couple and in series therewith, the hot end of
one couple being located in

end of said series of primary

connection with one of said couples to com-
pensate for the overbalancing effect of the

7. A thermo—elet:tricgenera,tor;comprising:

series therewith and of different elements
from said primary couple, the hot end of one
couple being located in close proximity to the
cold end of the other; and a resistance-shunt
across one of said couples. - *

8. A thermo-?lectric ge:lnerator' compris]ing:
a primary couple; a supplementary couple in
series tharowith of dify lents
sald primary _ |
located in close. proximity to the cold end of
sald primary couple; and a resistance-shunt
across sald supplementary couple. .-

9. A thermo-electric generator comprising

high

_ an said
Erima,ry couple, and in series therewith and

aving its hot end located in close proximity
to the cold end of said primary couple; and a
resistance-shunt across said supplementary
couple. | S

ing elements of lower fusing-points t

10 10, A thermo-electric 'generator_' 0'0'1'11 rig— |
plati-

Ing: a primary couple of platinum and
num with ten per cent.rhodium as elements;

Iron and nickel alloy as elements, and havin

cold end of said primary couple; and a re-

sistance-shunt across said supplementary

couple. _ _

- 11." A thermo-electric generator COMPTis-
Ing: a series of primary couples: a supple-
mentary couple in series therewith of differ-
ent elements from said primary couples and

having its hot.end located in close proximity

to the cold end of said series of Pprimary
couples; and a resistance-shunt across said
supplementary couple. o .

12. A thermo-electric generator compris-
Ing: a primar '

es 1n series therewith and com-

close proximity
to the cold end of the other; and means in

_ rent elements from
couple and having its hot end

a supplementary couple in series therewith of _

| . ] g T15
| 1ts hot .end located in close proximity to the °

couple; a number of supple-

3

70
75

80"

supplementary couple in
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posed.of elements different from those of said |
‘primary couple, said series having its hot

ends located in close proximity to the cold

10

- high fusing-points; a. supplementary couple

20
25

30

end of said primary couple; and a resistance-

shunt across sald series of supplementary

couples..

- 13. A thermo-electric generator éompris—

ing: a primary couple; a. -supplementary
couple in series therewith of di
ments from said primary couple, having its.

‘hot end located in close proximity to the cqld
- end of said primary couple; .and a resistance-

shunt across said supplementary couple lo-
cated in close proximity to the cold end of
said primary couple. - |

14. A thermo-electric ge_n'era,tor compris- |

ing: a primary couple haying. elements of

having elements of lower fusing-points than
said primary couple and in series therewith,
and having its hot end located in close prox-

imity to the cold end of said primary couple;

and a resistance-shunt across said supple-
mentary couple located in close proximity to
the cold end of said primary couple. -
15. A thermo-electric generator compris-
ing: a primary couple of platinum and plati-
num with ten per cent. rhodiim as elements;

8 second couple in series therewith of iron
and nickel alloy as elements, and having its.

hot end located in close proximity to the cold

~end of said primary couple; and a résistance-

35
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shunt across sald supplementary couple hav-
ing a portion thereof located in close prox-
imity to thecold end of said primary couple.
16. A thermo-electric generator compris-
ing: a series of primary couples; a sup&;le_
mentary couple 1n series therewith of differ-

ent elements from said primary couples and

having its hot end located in close proximity

"~ to the cold end of said series of primary cou-

- ples; and a resistance-shunt across said sup- |

45
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6o

plementary couple located in close proximity
to the co

couples. - - _ .

17. A thermo-electric generator compris-
ing: a primary couple; a number of supple-
mentary couplesin series therewith composed
of elements different from those of said pri-

mary couple, said series having its hot ends

located in close proximity to the cold endof
said primary couple; and a resistance-shunt
across said series of supplementary couples
located in close proximity to the cold end of
said primary couple.

18. A thermo-electric gener&tor;compris—_
ing: a primary couple; a supplementary cou-

-

]{?rle in series therewith of different elements
om said primary couple and having its hot

- end located in close proximity. to the cold end
of said primary couple; a resistance-shunt |l .

ifferent ele- |

d end of said series of primary |

across said supplementary couple; and a sec-

ond resistance-shunt across said supple-
mentary couple, having a portion thereof lo-
cated in close proximity to the cold end of

‘said primary couple.

19. A thermo-electric genera,tbr 60mpris— -

ing: a primary couple having elements of
high fusing-points; a supplementary couple
having elements of lower fusing-points than
said primary couple and in series therewith,
and having its hot end located m close prox-
imity to the cold end of said primary couple;
a Tesistance-shunt across said supplementary
couple, and a second resistance-shunt across
said supplementary couple, having a portion
thereof located in close proximity to the col
end of said primary couple. , o
20. A thermo-electric generator compris-
ing: a primary couple of platinum and plati-

num with ten per cent. rhodium as elements;
a' supplementary couple in series therewith
of iron and nickel alloy as elements and bhav-
ing its hot end located in close proximity to
the cold end of said primary-couple; a shunt

of suitable resistance across said supple-

70,

73

8o

mentary couple, and a second resistance-

shunt across said sUpFlementary couple hav-
ing a portion thereo

located in close prox-

imity to the cold end of said primary couple. 9o

21. A thermo-electric generator compris- -

ing: a series of primary couples; a supple-

mentary couple in series therewith of differ-

ent elements from said primary couples and

‘having its hot end located in close proximity

to the cold end of said series of primary cou-

ples; a resistance-shunt across said supple-

mentary couple; and-a second resistance-
shunt across said supplementary couple
having a portion thereof located 1n. close
proximity to the cold end of said primary
couple. o B

22. A thermo-electric generator compris-
ing: a primary couple; a number of supple-

mentary couples in series therewith, com-
posed of elements different from those of said
primary couple, said series having its hot
“ends located in close proximity to the cold

end of said primary couple; a resistance-

| shunt across said series of supplementary

couples; and a second resistance - shunt

935

T O(

[0

11

across sald series of supplementary _cou{)les o

having a portion thereof located in close

proximity to the cold end of said primary

couple. =~ B o
Signed at Manhattan borough, New York,

in the county of New York and State of New

II

York, this 21st day of December, A. D. 1905.

- WILLIAM H. BRISTOL.
Witnesses: ' |
FrEDK. F. SCHUETZ,

- S. O. Yupizky.
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